The SrCu 2 O 2 material is a p-type Transparent Conductive Oxide (TCO). A theoretical study of the SrCu 2 O 2 crystal is performed with a state of the art implementation of the Density functional theory (DFT). The simulated crystal structure is compared with available X-ray diffraction data and previous theoretical modelling. Density functional perturbation theory (DFPT) is used to study the vibrational properties of the SrCu 2 O 2 crystal. A symmetry analysis of the optical phonon eigenvectors at the Brillouin zone center is proposed. The Raman spectra simulated using the derivatives of the dielectric susceptibility, show a good agreement with Raman scattering experimental results.
Introduction
SrCu 2 O 2 is a p-type transparent conductive oxide (TCO) [1] [2] [3] which is combining high electrical conductivity and optical transparency, like in n-type TCO. TCO materials are used for electrostatic shielding, antistatic screens, transparent heating devices, solar cells and even organic light emitting diodes [3, 4] . The vibrational properties of SrCu 2 O 2 crystal are only reported in a few experimental papers, but vibrational spectroscopy could offer a very interesting alternative for material characterisation [5] . Most theoretical studies focus indeed on the electronic properties, band structures or acceptor defects [5] [6] [7] [8] [9] [10] [11] . The origin of the transparency was also investigated systematically in related compounds A In this paper, a theoretical study of the SrCu 2 O 2 crystal is performed with a state of the art implementation of the Density functional theory (DFT). The simulated crystal structure is in reasonable agreement with available X-ray diffraction data. Density functional perturbation theory (DFPT) is used to study the vibrational properties of the SrCu 2 O 2 crystal. A symmetry analysis of the optical phonon eigenvectors at the Brillouin zone center is proposed. Born charge tensors are determined for each atom. The Raman spectra simulated using the derivatives of the dielectric susceptibility, is compared with Raman scattering experimental results. ] atoms in a standard format [14] using the OPIUM code [15] . These valence configurations are similar to the ones used in previous DFT simulations of the ground state [5] [6] [7] [8] [9] [10] [11] and give a good description of the conduction band and valence band edges close to the band gap [5] [6] [7] [8] [9] [10] [11] . A plane-wave basis set with an energy cut-off of 950 eV is used to expand the electronic wavefunctions. The reciprocal space integration is performed over a 12x12x12 Monkhorst-Pack grid [16] . Energy convergence is accurately reached with tolerance on the residual potential which stems from difference between the input and output potentials. The crystal structure has been relaxed until the forces acting on each atom are smaller than 5.10 -5 eV/Å.
Experimental and computational details
The so-called 2n+1 theorem [17] within the DFPT provides a direct access to the second and third-order response function and has been used for the vibrational analysis of various materials [18] [19] [20] . A DFPT implementation is available in the ABINIT package [12] but a LDA must be used for the exchange-correlation functional in the ground state computation. The irreducible representations relative to the lattice vibrations involving the Sr atoms are
Results and discussion

Vibrational modes at
those involving the Cu atoms are
and those involving the O atoms are
After subtraction of the three acoustic modes ( Concerning the IR spectra, it should be noted that the A 2u modes involve atom displacements parallel to the z axis whereas in E u modes, they are perpendicular to the z axis. As for the Raman modes, the A 1g mode involves only O atom displacements and the Cu atoms are motionless.
Dielectric tensors
The Z ij Born charge tensors for each atom have been calculated via DFPT in the SrCu 2 O 2 crystal lattice. These tensors reflect the sites symmetries and form the basis of the computation of the dielectric constants and dynamical matrix. an additional phase was not present in the following study reported in ref [5] , and may be due to a slight variation of the elaboration conditions.
We may then conclude that the shoulder located at 497 cm −1 and the strong peak 524 is the more demanding computational part. The three derivatives (Table III) 
